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57 ABSTRACT

A system and a method of controlling a fluid temperature for
improving injectivity of a supercritical carbon dioxide into a
stratum includes a casing part installed in a well, which is
formed from a ground surface to a target stratum for injection,
a grouting part formed between the casing part and a coun-
terforted wall ofthe well, a cover covering an upper portion of
the casing part, an injection tube inserted into the casing part
through the cover and receiving the carbon dioxide injected
into the injection tube, a perforation part serving as a passage
allowing the carbon dioxide to flow from the injection tube to
the target stratum, a packing part formed between the injec-
tion tube and an inner portion of the casing part, a heat coil
part surrounding the injection tube, and a temperature adjust-
ing unit controlling a temperature of the heat coil part.

9 Claims, 10 Drawing Sheets
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SYSTEM AND METHOD OF CONTROLLING
FLUID TEMPERATURE FOR IMPROVING
INJECTIVITY OF SUPERCRITICAL CARBON
DIOXIDE INTO STRATUM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefitunder 35 U.S.A. §119 of
Korean Patent Application No. 10-2010-0119847, filed on
Now. 29, 2010 in the Korean Intellectual Property Office, the
entirety of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a system and a method of
controlling a fluid temperature for improving the injectivity
of supercritical carbon dioxide into a stratum.

2. Description of the Related Art

A geological storage technology of carbon dioxide (CO,)
is to geologically inject the CO,, which is exhausted into the
atmosphere, to isolate the CO, from the atmosphere. The
geological storage technology has been already proven and is
in the commercialization step in some nations. In general, if
the storage place of the CO, is selected, an injection well
system is installed to geologically store the CO,. First, if a
bore is formed to a target depth (about 800 m) for injection
under the ground, in which CO, can exist in the supercritical
state, by using a boring machine and an injection well is
formed, a casing is installed in the injection well, and cement
is grouted throughout the whole peripheral space between the
casing and a counterforted wall, thereby preventing the leak-
age path of the injected CO, to the ground surface. Thereafter,
several small holes are formed by perforating the casing and
the cement corresponding to a target section for CO, injection
by using a perforating gun, thereby forming a connection
passage between the injection well and the peripheral stra-
tum. The supercritical CO, injected through the injection well
is injected into the stratum through the connection passage, so
that the geological storage of the CO, is achieved. In the
geological storage of the CO,, the injectivity, the storage
capacity, and the integrity in which the injected CO, does not
leak to the ground surface must be mainly taken into consid-
eration.

If the CO, injection system is completed, the temperature
and the pressure suitable for the geological storage of the CO,
are determined at the upper portion of the injection well, and
the CO, is injected. However, the temperature and the pres-
sure of the CO, when the CO, is injected may be changed
according to the geothermal gradient and the hydrostatic
pressure gradientas the CO, is transferred down to the storage
depth of the injection well through a stratum.

In general, the pressure at the injection depth is determined
by following equation.

Prp=Pyrtelop2)dz

In the equation, P,, refers to a pressure at the injection
depth of the lower portion of the injection well, P, refers to
apressure atthe upper portion of the injection well, g refers to
gravitational acceleration, and p(z) refers to the density of the
CO, at the injection depth z of the injection well.

In other words, the density of the CO, varies according to
the temperature and pressure under the ground, so that the
variation in the density of the CO, affects an injection pres-
sure at the injection depth. The CO, density in the storage
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place affects the mobility of the CO,, so that an influence is
exerted on the two-phase flow of the CO, in the air gaps filled
with salt water.

Ifthe supercritical CO, is injected by using a conventional
injection well system, the temperature and the pressure of the
CO, may be adjusted at the upper portion of the injection
well. However, the temperature and the pressure of the
injected CO, varying as the CO, passes through the stratum
cannot be adjusted, so that the CO, cannot be effectively
injected.

In general, the injectivity of the CO, is determined by
following equation.

Q Equation

Injectivity= ————
njectivity P —Prs

In this equation, Q refers to an amount of injected CO,,
P, refers to a pressure at the injection depth of the lower
portion ofthe injection well, and P, refers to a pressure at the
target stratum for CO, injection. In other words, this equation
refers to that the injectivity is increased if the pressure is
reduced at the injection depth of the lower portion of the
injection well on the assumption that the amount of the
injected CO, is constant

If the injectivity is reduced, many injection wells are
required, so that economic loss may be caused. In addition, if
the pressure in the target stratum for the storage of the CO, is
increased, the stress is changed in the stratum around the
injection well, so that the stratum can be finely cracked.
Accordingly, the injected CO, may be leaked to the ground
surface through the crack. In other words, the excess pressure
increase caused by the injection of the CO, exerts bad influ-
ences on both the injectivity and the leakage of the CO,.
Accordingly, a scheme to prevent the increase of the pressure
in the target stratum for the CO, injection is required

In general, the geological storage of the CO, is achieved by
injecting the CO, into a sand stone layer saturated with salt
water that cannot be used as drinking water. If the supercriti-
cal CO, is injected into a stratum saturated with salt water, the
supercritical CO, dispels the salt water so that the supercriti-
cal CO, is stored in the air gap. In this case, a small amount of
salt water remains in the air gaps by a residual saturation
value. The water of the remaining salt water is evaporated by
the supercritical CO,, so that the air gaps are fully saturated
with the supercritical CO,, thereby forming a dry-out zone. If
water of remaining salt water in the air gaps of the dry-out
zone is evaporated by the supercritical CO,, salt is deposited.
The deposited slat is filled in the air gaps, so that the porosity
and the transmissivity are reduced. Accordingly, the pressure
is increased, so that the injectivity may be reduced.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keeping
in mind the above problems occurring in the prior art, and an
object of the present invention is to provide a system and a
method of controlling the fluid temperature for improving the
injectivity of supercritical CO, into a stratum, in which an
injection tube of the CO, is surrounded by a heat coil, the
temperature of the heat coil is controlled by a temperature
adjusting system installed on the ground, and the injection
temperature of the CO, is controlled to maximize the injec-
tivity, by installing a temperature sensor and a pressure sensor
capable of recording the temperature and the pressure of the
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CO,, respectively, when the CO, is geologically injected, so
that the geological system of the CO, can be economically
improved.

The present invention suggests several objects without
limitation to the above objects, and other objects, which are
not described, can be clearly comprehended from the follow-
ing description by those skilled in the art.

To accomplish these objects, according to one aspect of the
present invention, there is provided a system of controlling a
fluid temperature for improving injectivity of a supercritical
carbon dioxide into a stratum, which includes a casing part
installed in a well, which is formed from a ground surface to
a target stratum for injection, in order to inject the supercriti-
cal carbon dioxide into the target stratum for injection which
is placed under a ground, a grouting part formed between the
casing part and a counterforted wall of the well, a cover
covering an upper portion of the casing part, an injection tube
inserted into the casing part through the cover and receiving
the carbon dioxide injected into the injection tube, a perfora-
tion part serving as a passage allowing the carbon dioxide to
flow from the injection tube to the target stratum, a packing
part formed between the injection tube and an inner portion of
the casing part, a heat coil part surrounding the injection tube,
and a temperature adjusting unit controlling a temperature of
the heat coil part.

According to one embodiment of the present invention, the
system of controlling the fluid temperature for improving
injectivity of the supercritical carbon dioxide into the stratum
may further include a temperature sensor installed in the
injection tube, and a temperature recording unit storing tem-
perature measurement information obtained from the tem-
perature sensor. The temperature adjusting unit may control
the temperature of the heat coil part by using the temperature
measurement information stored in the temperature recording
unit.

According to one embodiment of the present invention, the
system of controlling the fluid temperature for improving
injectivity of the supercritical carbon dioxide into the stratum
may further include a pressure sensor installed in the injection
tube, a pressure recording unit storing pressure measurement
information obtained from the pressure sensor, and a tem-
perature control system calculating a temperature value rep-
resenting optimal injectivity by using the temperature mea-
surement information obtained from the temperature
recording unit and the pressure measurement information
obtained from the pressure recording unit and transmitting
the temperature value to the temperature adjusting unit, so
that the heat coil part emits heat corresponding to the tem-
perature value.

The temperature sensor may measure a temperature of the
carbon dioxide injected into the target stratum through the
injection tube, and the pressure sensor measures a pressure of
the carbon dioxide injected into the target stratum through the
injection tube.

The heat coil part may include a thermal conductive mate-
rial, and may surround the injection tube from an upper end
portion of the injection tube to a lower end portion of the
injection tube.

The heat coil part may adjust a temperature of the carbon
dioxide by emitting heat corresponding to a temperature
value received from the temperature adjusting unit when the
carbon dioxide passes through the injection tube.

The perforation part may include a plurality of holes bored
in the casing part and the grouting part placed in the target
stratum for injection.

According to another aspect of the present invention, there
is provided a method of controlling a fluid temperature for
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improving injectivity of a supercritical carbon dioxide into a
stratum, which includes measuring a temperature of the
supercritical carbon dioxide passing through an injection tube
in a temperature sensor which is installed in the injection tube
into which the supercritical carbon dioxide is injected, storing
temperature measurement information, which is obtained
from the temperature sensor, in a temperature recording unit,
and controlling a temperature of a heat coil part surrounding
the injection tube by using the temperature measurement
information, which is stored in the temperature recording
unit, in a temperature adjusting unit.

According to one embodiment of the present invention, the
method of controlling a fluid temperature for improving
injectivity of the supercritical carbon dioxide into the stratum,
may further include measuring a pressure of the carbon diox-
ide passing through the injection tube in a pressure sensor
installed in the injection tube, storing pressure measurement
information obtained from the pressure sensor in a pressure
recording unit, calculating a temperature value representing
optimal injectivity by using the temperature measurement
information of the temperature recording unit and the pres-
sure measurement information of the pressure recording unit
in a temperature control system, and transmitting the tem-
perature value to the temperature adjusting unit in the tem-
perature control system, so that the heat coil part emits heat
corresponding to the temperature value.

The heat coil part may include a thermal conductive mate-
rial, and may surround the injection tube from an upper end
portion of the injection tube to a lower end portion of the
injection tube.

The heat coil part may adjust the temperature of the carbon
dioxide by emitting heat corresponding to a temperature
value received from the temperature adjusting unit when the
carbon dioxide passes through the injection tube.

The perforation part may include a plurality of holes bored
in the casing part and the grouting part placed in the target
stratum for injection.

Advantages and/or characteristics of the present invention,
and methods to accomplish them will be apparently compre-
hended by those skilled in the art when making reference to
embodiments in the following description and accompanying
drawings. However, the present invention is not limited to the
following disclosed embodiments, but will be realized as
various modifications. The present embodiments are pro-
vided to make the disclosure of the present invention perfect
and to make those skilled in the art perfectly comprehend the
scope of the present invention. The present invention is
defined only within the scope of claims. Hereinafter, the same
reference numerals will be assigned to the same elements
throughout the whole specification.

As described above, according to the embodiment of the
present invention, the injection tube of the CO, is surrounded
by the heat coil, and the temperature of the CO, is controlled
by the temperature adjusting system installed on the ground
when the CO, is geologically injected at the depth of 800 m
under the ground, thereby adjusting the density of the CO, in
the injection well. Accordingly, the injection pressure of the
fluid at an injection point of the injection well can be adjusted.

According to one embodiment of the present invention, the
density of the CO, varying through the temperature control
changes the mobility of the fluid under the ground, thereby
controlling the injectivity of the CO,.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view showing the overall structure of
a system of controlling a fluid temperature for improving the
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injectivity of supercritical CO, into a stratum according to
one embodiment of the present invention;

FIGS. 2 to 4 are graphs showing the variation of the CO,
density in the injection well according to injection tempera-
tures when the supercritical CO, is injected according to one
embodiment of the present invention;

FIGS. 5 to 7 are graphs showing the profile of salt precipi-
tation in a dry-out zone formed around the injection well
when the supercritical CO, is injected according to one
embodiment of the present invention; and

FIGS. 8 to 10 are graphs showing the variation of the CO,
pressure at an injection point in the injection well according to
the injection temperatures when the supercritical CO, is
injected according to one embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to accompany-
ing drawings.

FIG. 1is a sectional view showing the structure of a system
of controlling a fluid temperature for improving injectivity of
supercritical carbon dioxide (CO,) into a stratum according
to one embodiment of the present invention.

Referring to FIG. 1, the system of controlling a fluid tem-
perature for improving the injectivity of supercritical CO,
into the stratum according to one embodiment of the present
invention includes a casing part 10, a grouting part 20, a
perforation part 30, a cover 130, an injection tube 40, a pack-
ing part 60, aheat coil part 50, a temperature adjusting unit 90,
a temperature sensor 70, a temperature recording unit 80, a
pressure sensor 100, a pressure recording unit 110, and a
temperature control system 120.

The casing part 10 is inserted into an injection well formed
from a ground surface 4 to a target stratum 1 in order to inject
supercritical CO, into the target stratum 1 under the ground.
In other words, the casing part 10 is installed from the ground
surface 4 to the target stratum 1 through the injection well.

In this case, the target stratum 1 includes a sand stone layer
having superior storage capacity of CO, and has air gaps filled
with salt water that a human cannot drink. In addition, in the
target stratum 1, supercritical CO, is stored in the gas state, or
dissolved in the salt water existing in the air gaps.

The grouting part 20 is formed between the casing part 10
and the counter forted wall of the injection well. The grouting
part 20 is formed by passing through the ground surface 4 to
the target stratum 1. The grouting part 20 may be formed
through a grouting scheme with a concrete material.

The perforation part 30 serves as a passage allowing the
supercritical CO, to flow from the injection tube 40 to the
target stratum 1. The perforation part 30 may be formed as a
transmission hole which is artificially bored in small size
through the casing part 10 and the grouting part 20, so that the
supercritical CO, can flow from the injection tube 40 to the
target stratum 1.

For example, in order to form the perforation part 30, small
holes may be formed by perforating the casing part 10 and the
grouting part 20 positioned corresponding to the section of
the target stratum 1 using a perforating gun. The perforation
part 30 formed in the above manner can move the supercriti-
cal CO, to the target stratum 1.

The cover 130 covers the upper portion of the casing part
10 to prevent foreign matters from being introduced into the
casing part 10 and injection tube 40.

The injection tube 40 passes through the cover 130. In
detail, the injection tube 40 extends to the injection depth
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through a hole formed in the central portion of the cover 130
covering the upper portion of the casing part 10. The injection
tube 40 is connected to a supercritical CO, injector at an upper
end thereof, so that the supercritical CO, can be injected into
the target stratum 1.

The packing part 60 is formed between the injection tube
40 and the inner part of the casing part 10. The packing part 60
prevents the supercritical CO,, which is injected into the
injection tube 40, from flowing back to the upper portion of
the casing part 10 so that the supercritical CO, can be injected
to the target stratum 1.

The heat coil part 50 surrounds the injection tube 40. In
other words, the heat coil part 50 includes a material repre-
senting high thermal conductivity and surrounds the injection
tube 40 from an upper end of the injection tube 40 to the lower
most portion of the inject tube 40.

When the supercritical CO, passes through the inner por-
tion of the injection tube 40, the heat coil part 50 emits heat
corresponding to a temperature value received therein from
the temperature adjusting unit 90 positioned on the ground to
adjust the temperature of the supercritical CO,.

The temperature adjusting unit 90 adjusts the temperature
of the heat coil part 50.

According to one embodiment of the present invention,
when the supercritical CO, moves to the injection depth of the
injection well through the injection tub 40, the supercritical
CO, can be maintained at a desirable temperature by the heat
coil part 50 surrounding the injection tube 40 and the tem-
perature adjusting unit 90.

The temperature sensor 70 is installed at an inner end
portion of the injection tube 40. The temperature sensor 70
measures the temperature of the CO, at the CO, injection
point in a deep place. The temperature sensor 70 transmits the
measured temperature result (information) to the temperature
recording unit 80, so that temperature data of the CO, can be
monitored in real time.

The temperature recording unit 80 stores the measured
temperature information obtained from the temperature sen-
sor 70.

The pressure sensor 100 is installed in the injection tube 40.
The pressure sensor 100 measures the pressure at the CO,
injection point in the deep place. The pressure sensor 100
transmits the measured pressure result (information) to the
pressure recording unit 110, so that pressure data of the CO,
can be monitored in real time.

The pressure recording unit 110 stores the measured pres-
sure information obtained from the pressure sensor 100.

The temperature control system 120 automatically adjusts
the temperature of the CO, in cooperation with the tempera-
ture recording unit 80 and the pressure recording unit 110, so
that the injectivity of the CO, can be optimized. In other
words, the temperature control system 120 analyzes the tem-
perature data and the pressure data of the CO, at the CO,
injection point in the deep place, calculates an injection tem-
perature value allowing the whole CO, injection system to
represent the optimal injectivity while maintaining the maxi-
mum injection amount of the CO2 at the minimum injection
pressure of the CO,, and gives a command based on the
temperature value to the temperature adjusting unit 90 to
adjust the temperature of the heat coil part 50.

In other words, the temperature control system 120 con-
tinuously performs a feedback operation based on values
(temperature data and pressure data) read out of the tempera-
ture sensor 70 and the pressure sensor 100 to obtain the
maximum injectivity.
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For reference, reference numbers 2 and 3, which are not
described yet, represent a blocking stratum and a ground
surface layer, respectively.

FIGS. 2 and 10 are graphs showing experimental results
obtained by performing numerical experiments through
multi-phase and multi-component fluid flow simulators in the
system of controlling a fluid temperature according to one
embodiment of the present invention in order to observe the
influence which is exerted on the density ofthe fluid, a dry-out
range, and the injection pressure of the injection section by
the temperature variation of the CO, in the injection well. The
present experiment is performed on the assumption that the
supercritical CO, is injected into a homogeneous sand stone
layer, which is placed at the depth of 1000 m under the ground
and saturated with salt water, and has the thickness of about
100 m, at the injection rate of about 30 kg/sec for three years.

FIGS. 2 to 4 are graphs showing the density variation in the
injection well of the target stratum when the temperature of
the injection well is set to about 35° C., 45° C., or 60° C. on
the assumption that the temperature of the target stratum for
the CO, injection is about 35° C.

As shown in FIGS. 2 to 4, the density represents the range
of about 770 kg/m® to about 783 kg/m> when the temperature
of the injection well is set to about 35° C., and represents the
range of about 450 kg/m> to about 485 kg/m> when the tem-
perature of the injection well is set to about 60° C., so that the
mobility of the fluid is increased.

FIGS. 5 to 7 are graphs showing the degree of salt precipi-
tation in a dry-out zone formed around the injection well
when the CO, is injected into the target stratum through the
injection well.

As shown in FIGS. 5 to 7, when the temperature of the
injection well is set to about 35° C., the dry-out zone ranges to
the distance of about 20 m from the injection well, and the salt
precipitation occupies about 3% of the air gaps. When the
temperature of the injection well is set to about 45° C., the
dry-out zone ranges to the distance of about 22 m from the
injection well, and the salt precipitation occupies about 3% of
the air gaps.

When the temperature of the injection well is set to about
60° C., the dry-out zone ranges from about 19 m from the
injection well, and the salt precipitation occupies about 3% of
the air gaps at the Buckley-Leverett front. In other words, if
the injection temperature of the CO, is increased, the mobility
of the fluid is increased, but the dry-out zone is widened.
According to occasions, the degree of the salt precipitation is
increased, so that a bad influence may be exerted on the
injectivity.

FIGS. 8 to 10 are graphs showing the variation of the
injection pressure in the injection section of the CO, with
respect to three cases.

According to the above experimental results, the tempera-
ture of the CO, in the injection well affects the mobility of
multi-phase and multi-component fluid under the ground and
the physical and chemical reaction in a geologic layer.
Accordingly, the system of controlling the fluid temperature
is an important factor to increase the injectivity in the geo-
logical storage of the CO,.

Although a preferred embodiment of the present invention
has been described for illustrative purposes, those skilled in
the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the invention as disclosed in the accom-
panying claims.

Although the present invention has been described by mak-
ing reference to the embodiments and accompanying draw-
ings, it should be understood that the present invention is not
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limited to the embodiments but includes all modifications,
equivalents and alternatives. Accordingly, those skilled in the
art should understand the spirit and scope of the present
invention as defined in the following claims. In addition,
those skilled in the art should understand that the equivalents
and the modifications belong to the scope of the spirit of the
present invention.

What is claimed is:

1. A system of controlling a fluid temperature for improv-
ing injectivity of a supercritical carbon dioxide into a stratum,
the system comprising:

a casing part installed in a well, which is formed from a
ground surface to a target stratum for injection, in order
to inject the supercritical carbon dioxide into the target
stratum for injection which is placed under a ground;

a grouting part formed between the casing part and a coun-
terforted wall of the well;

a cover covering an upper portion of the casing part;

an injection tube inserted into the casing part through the
cover and receiving the carbon dioxide injected into the
injection tube;

a perforation part serving as a passage allowing the carbon
dioxide to flow from the injection tube to the target
stratum;

a packing part formed between the injection tube and an
inner portion of the casing part;

a heat coil part surrounding the injection tube;

a temperature adjusting unit controlling a temperature of
the heat coil part;

a temperature sensor installed in the injection tube;

a temperature recording unit storing temperature measure-
ment information obtained from the temperature sensor,
wherein the temperature adjusting unit controls the tem-
perature of the heat coil part by using the temperature
measurement information stored in the temperature
recording unit;

a pressure sensor installed in the injection tube;

a pressure recording unit storing pressure measurement
information obtained from the pressure sensor; and

a temperature control system calculating a temperature
value representing optimal injectivity by using the tem-
perature measurement information obtained from the
temperature recording unit and the pressure measure-
ment information obtained from the pressure recording
unit and transmitting the temperature value to the tem-
perature adjusting unit, so that the heat coil part emits
heat corresponding to the temperature value,

wherein the optimal injectivity is represented by maintain-
ing a maximum injection amount of the carbon dioxide
at a minimum injection pressure of the carbon dioxide.

2. The system of claim 1, wherein the temperature sensor
measures a temperature of the carbon dioxide injected into
the target stratum through the injection tube, and the pressure
sensor measures a pressure of the carbon dioxide injected into
the target stratum through the injection tube.

3. The system of claim 1, wherein the heat coil part
includes a thermal conductive material, and surrounds the
injection tube from an upper end portion of the injection tube
to a lower end portion of the injection tube.

4. The system of claim 1, wherein the heat coil part adjusts
a temperature of the carbon dioxide by emitting heat corre-
sponding to a temperature value received from the tempera-
ture adjusting unit when the carbon dioxide passes through
the injection tube.

5. The system of claim 1, wherein the perforation part
includes a plurality of holes bored in the casing part and the
grouting part placed in the target stratum for injection.
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6. A method of controlling a fluid temperature for improv-
ing injectivity of a supercritical carbon dioxide into a stratum,
the method comprising:

measuring a temperature of the supercritical carbon diox-

ide passing through an injection tube in a temperature
sensor which is installed in the injection tube into which
the supercritical carbon dioxide is injected;

storing temperature measurement information, which is

obtained from the temperature sensor, in a temperature
recording unit;

controlling a temperature of a heat coil part surrounding

the injection tube by using the temperature measurement
information, which is stored in the temperature record-
ing unit, in a temperature adjusting unit;

measuring a pressure of the carbon dioxide passing

through the injection tube in a pressure sensor installed
in the injection tube;

storing pressure measurement information obtained from

the pressure sensor in a pressure recording unit;
calculating a temperature value representing optimal injec-

tivity by using the temperature measurement informa-

tion of the temperature recording unit and the pressure
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measurement information of the pressure recording unit
in a temperature control system; and

transmitting the temperature value to the temperature

adjusting unit in the temperature control system, so that
the heat coil part emits heat corresponding to the tem-
perature value,

wherein the optimal injectivity is represented by maintain-

ing a maximum injection amount of the carbon dioxide
at a minimum injection pressure of the carbon dioxide.

7. The method of claim 6, wherein the heat coil part
includes a thermal conductive material, and surrounds the
injection tube from an upper end portion of the injection tube
to a lower end portion of the injection tube.

8. The method of claim 6, wherein the heat coil part adjusts
the temperature of the carbon dioxide by emitting heat cor-
responding to a temperature value received from the tempera-
ture adjusting unit when the carbon dioxide passes through
the injection tube.

9. The method of claim 6, wherein the perforation part
includes a plurality of holes bored in the casing part and the
grouting part placed in the target stratum for injection.
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